Protein tagging is a powerful method of investigating protein function. However, modifying positive-strand RNA virus proteins in the context of viral infection can be particularly difficult as their compact genomes and multifunctional proteins mean even small changes can inactivate or attenuate the virus. Although targeted approaches to functionally tag viral proteins have been successful, these approaches are time consuming and inefficient. A strategy that has been successfully applied to several RNA viruses is whole-genome transposon insertional mutagenesis. A library of viral genomes, each containing a single randomly placed small insertion, is selected by passaging in cell culture and the insertion sites can be identified using Next Generation Sequencing (NGS). Here we describe a protocol for transposon mutagenesis of the 16681 strain of dengue virus, serotype 2. Mutant dengue virus libraries containing short randomly placed insertions are passaged through mammalian cells and insertions are mapped by NGS of the viable progeny. The protocol is divided into four stages: transposon mutagenesis of a dengue cDNA clone, viral genome transfection into permissive cells, isolation of viral progeny genomes, and sequencing library preparation.
www.bio-protocol.org/e2975 Vol 8, Iss 16 , Aug 20, 2018 DOI:10.21769/BioProtoc.2975
Procedure

A. Transposon Mutagenesis
This section describes the process of generating a library consisting of a randomly inserted transposon in a cDNA clone of the viral genome on a plasmid. By excising the bulk of the 1.2 kb transposon using unique NotI sites, the randomly inserted transposon is reduced to 15 nucleotides containing a NotI site that introduces a 5-amino acid insertion without introducing a frameshift or nonsense mutation. This insertion is TGCGGCCGCAN1N2N3N4N5 where N1N2N3N4N5 denotes a duplication of the five nucleotides directly upstream of the insertion.
For our studies, the dengue cDNA clone was fragmented to eliminate genetic instability and toxicity in E. coli observed with full-length flavivirus clones. However, viral genome fragmentation is not required if the full-length viral genome is genetically stable and nontoxic in E. coli. Note that the starting plasmid must not contain any NotI restriction sites; if any exist they should be destroyed by site-directed mutagenesis. the dengue virus RNA has a 5' cap, but is not needed for the synthesis of uncapped viral RNA genomes (e.g., hepatitis C virus). Note: The ratio of RNA to enhancer and transfection reagent should be optimized if cells other than Vero cells will be used.
Wash off transfection complex 2 h after transfection.
Note: Duration of transfection will vary based on cell type and should be determined experimentally.
11. After three days, collect supernatant from wells, pool, and spin at 500 x g for 10 min to clarify.
Use half of the clarified supernatant to infect naïve cells and store the other half at -80 °C as passage 1. Infect naïve cells by adding undiluted supernatant to Vero cells plated the day before infection at 1.7 x 10 5 cells per well of a 6-well plate, and replace with fresh medium the day after infection.
12. After three days, collect supernatant from wells, pool, and spin at 500 x g for 10 min to clarify.
Use half of the clarified supernatant to infect naïve cells and store the other half at -80 °C as passage 2. Infect naïve cells as described in Step B11. After three days, collect supernatant from wells, pool, and spin at 500 x g for 10 min to clarify. Store at -80 °C as passage 3. Step C2 to make cDNA, and pool after cDNA is made.
4. PCR amplify the recovered cDNA for the genome fragment that contains the transposon insertion using primers designed to generate smaller ~250 bp amplicons for Next Generation Sequencing. 5. Clean up the amplicons using the PCR cleanup protocol for the Promega Gel Purification Kit. 6 . At this stage of the protocol, amplicons can be quantitated and submitted for library preparation and next-generation sequencing.
D. Next Generation Sequencing library preparation
This section of the protocol generates libraries compatible with Torrent PGM sequencing. Note that the library preparation protocol has been modified to select for NotI containing DNA fragments to enrich the sequencing reads for transposon insertion sites, which contain a NotI site. By blunt ligating one adaptor to each end of the DNA fragment, cutting with NotI, and ligating a NotI containing read adaptor, we created sequencing libraries where each read contained the insertion site. In principle, this strategy could be adapted to generate libraries compatible with Illumina sequencing, but this will have to be developed by the user.
